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SYNCHRONIZATION-MESSAGE-BASED
ACTIVE REFERENCE SWITCHING UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technique of establish-
ing clock synchronization in a synchronous network such as
an optical communications network.

2. Description of the Related Art

A synchronous network environment exists which
requires clock synchronization to be established over the
whole network.

FIG. 1 shows an exemplary configuration of a synchro-
nous network.

Transmission units 101 are interconnected by, for
example, optical transmission lines 103 that conform to the
SONET (Synchronous Optical Network) standards and are
partly interconnected by, for example, DS1 metal transmis-
sion lines 104. Some of the transmission units 101 are
connected to an exchange 105 directly or through repeaters

106.

In such a network environment, usually a clock generator
102, called a BITS (Building Integrated Timing Supply), is
provided which provides a high-precision clock reference to
the transmission units 101 within the network over the DS1
metal transmission lines 104.

Recently, as overhead information (control information)
sent over the optical transmission lines 103 or the metal
transmission lines 104, synchronization messages have been
defined which are messages that indicate quality levels of
various clock references mnput to the transmission units 101.
This requires each transmission unit to have the functions of
detecting, controlling and sending these synchronization
Mmessages.

On the DS1 metal transmission line 104, the synchroni-
zation messages are sent over a DS1 ESF data link that 1s a
control link.

FIG. 2 shows a data format for data transmission over the
DSI metal transmission line 104. In this data format, one
frame (125 microseconds and 193 bits) i1s composed of a set
of 24 item slots of &-bit data, and one multiframe 1s
composed of a set of 24 frames. One frame 1s transmitted bit
by bit starting with the frame bit #0 and ending with the
frame bit 192, and one multiframe 1s transmitted starting
with the frame 1 and ending with the frame 24.

FIG. 3 shows a data format for DS1 frame bits. 13 bits
among the frame bits #0 to #4439 within one multiframe
composed of 24 frames, which are marked with X 1n the field
DL (Data Link) shown in FIG. 3 make up a data link having
a transmission rate of 4 kb/s (kilobits per second), whereby
the DS1 ESF data link 1s formed. In FIG. 3, the FPS field
indicates a framing pattern sequence for frame extraction
and the CRC field indicates cyclic redundancy check chan-
nels for data error detection and correction.

In the SONET optical transmission line 103, the synchro-
nization messages are transmitted using an S1 byte within a
line overhead that 1s a unit of control information.

FIG. 4 shows a data format for the overhead in SONET.

Its details are beyond the scope of the present invention and
hence description thereof 1s omitted herein. The S1 byte 1s
placed in the byte position indicated by * in the line
overhead section shown in FIG. 4 and then transmitted.

FIG. 5 shows the contents of the quality levels presented
by the synchronization messages. The quality levels are
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2

defined with ppm as units. For each of the quality levels, a
quality level value (1 to 7) and set values on the DS1 ESF
data link and the S1 byte 1n the synchronization message
corresponding to the quality level are indicated.

Typical examples will be described hereinatter. “Stratum
1 Traceable” indicates the highest quality level, which
corresponds to the quality level of the clock reference that
the BITS 102 (see FIG. 1) provides. “Stratum 3 Traceable”
and “+20 ppm Clock Traceable” correspond to the quality
level of the internal clock of the transmission unit 101.
“Stratum 4 Traceable” indicates a quality level that may
occur on the DS1 metal transmission line 104. This quality
level 1s one that rarely occurs on the SONET optical
transmission line 103, and hence the S1 byte value therefor
1s not defined. “Don’t Use for Synchronization™ 1s a quality
level for informing that no clock reference can be used for
synchronous control. “Network Provider Specific Synchro-
nization” 1s a quality level that 1s reserved for future use.

To process the synchronization messages, each transmis-
sion unit 101 of FIG. 1 has come to be required to have a
function of synchronizing with the clock reference of the
highest quality level, by comparing synchronization mes-
sages received together with a plurality of clock references
received over transmission lines which are terminated by
that transmission unit itself, a function of outputting a
synchronization message corresponding to the quality level
of the clock reference that 1s currently 1n use to the S1 byte
that 1s an overhead byte on the SONET optical transmission
line 103 terminated by that transmission unit, and a function
of outputting the synchronization message corresponding to
that quality level to the DS1 ESF data link on the DS1 metal
transmission line 104 in the case where that transmission
unit terminates the DS1 metal transmission line 104 as well.
It 1s considered that such functions will be widely applied to
all synchronous networks.

In the following descriptions, of clock references that are
available to the transmission unit 101 for 1ts operation or that
can be output to other units as a timing supply, a clock
reference that the transmission unit 1s actually using for its
operation or outputting for timing supply 1s referred to as an

active reference for the sake of convenience, as shown 1n
FIGS. 6 or 7.

Conventionally, 1n selecting the active reference, the user
uses a command to specily a group of transmission lines or
BITS 1nputs which contain a clock reference that he or she
wishes to use as the active reference, whereby the active
reference 1s fixedly determined and selectable clock refer-
ences are also fixedly determined.

As an example, when, in FIG. 8, the group that contains
a clock reference that the user wishes to use as the active
reference 1s set as group #1, the group #1 work line, the
oroup #1 protection line, the holdover clock and the mternal
clock are set as the selectable clock references and the group
#1 work line 1s set as the active reference. Here, the holdover
clock refers to a clock that the transmission unit 101 outputs
in synchronism with the past active reference stored by that
unit when the current active reference fails. The internal
clock refers to a clock which 1s output by the internal clock
generator of the transmission unit 101 at i1ts own timing. The
work line refers to the SONET optical transmission line 103

that 1s normally employed. The protection line refers to a
backup for the SONET optical transmission line 103.

In this example, 1n the event that a line failure occurs 1n
the group #1 work line, the active reference 1s switched to
the group #1 protection line. Moreover, 1n the event of a line
fallure 1n that line, the active reference i1s switched to the
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holdover clock. Furthermore, 1n case where a line failure
occurs 1n that line, the active reference 1s switched to the
internal clock. In these cases, none of the clock references
associated with the group #2 can be selected.

Thus, 1n the conventional system, once a group 1s
selected, clock references selectable as the active reference
are decided fixedly. Also, the priority of the clock references
selectable as the active reference 1s decided fixedly. That 1s,
in the conventional system, clock references selectable as
the active reference and the priority used in selecting among
the clock references are decided fixedly by specifying a
ogroup. In the selected group, priority 1s established among
the clock references such that the work line (primary line)
clock reference, the protection line (secondary line) clock
reference, the holdover clock and the internal clock are
placed in the order of descending priorities.

In the conventional system, therefore, since selectable
clock references and their priorities cannot be decided
flexibly, the possibility exists that, even if there 1s a clock
reference of a high quality, it may not be selected as the
active reference. As a result, 1n the entire network, a clock
reference of the highest quality i1s not always selected, so
that the network may be synchronized with a clock of a low
quality. This 1s a first problem with the conventional tech-
nique.

In general, some of clock references cause a state called
a timing loop, where, 1n a speciiic area within the network,
a loop 1s formed 1n which only clocks of the same quality are
referenced and clocks of higher quality cannot be refer-
enced. Such clock references are those that should not be
selected. In the conventional system in which a group the
user wishes to use for the active reference 1s selected, there
1s the possibility that a clock reference that may cause such
a timing loop as described above 1s accidentally selected as
the active reference, and consequently that clock reference
produces a timing loop. This 1s a second problem with the
conventional technique.

Moreover, 1n the conventional system, restrictions are
made on clock references selectable as the active reference;
sufficient redundancy does not exist in selectable clock
references. Thus, there frequently occurs a phenomenon 1in
which the active reference 1s set to either the holdover clock
or the internal clock and the whole network 1s synchronized
with a clock of low quality. This 1s a third problem with the
conventional technique.

Furthermore, in the conventional system 1n which a group
1s specified for use as the active reference, even when the
transmission unit 101 outputs a clock reference as a timing
supply output to another unit, the primary clock in the timing
supply output 1s derived from the work line in the specified
ogroup and the secondary clock 1s derived from the protection
line 1n the specified group, as shown 1 FIG. 9.

For this reason, even if a clock reference of higher quality
exists 1n another group, 1t 1s 1mpossible to select 1t as the
active reference and output it as the timing supply output to
another unit. This 1s a fourth problem with the conventional
technique.

In the conventional system, in the event that the active
reference fails, an alarm indication signal (AIS) may be
immediately sent as the timing supply output. That 1s, there
1s little redundancy 1n clock references as the timing supply
output. This 1s a fifth problem with the conventional tech-
nique.

Furthermore, conventionally 1t 1s impossible to send
clocks of the highest quality all the time for both the primary
and secondary clocks 1n the timing supply output. This 1s a
sixth problem with the conventional technique.
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4

Furthermore, conventionally 1t 1s possible to use, 1n
combination with the active reference selection described
above, an active reference forced switching command that,
once the active reference 1s switched to a clock reference,
does not allow the active reference to be switched to another
clock reference. With the use of this command, it becomes
possible to switch the active reference to any clock reference
by force. In the conventional system, therefore, in the event
that the active reference 1s switched to a failing clock
reference by force or a clock reference to which the active
reference has been switched fails, subsequent clock selec-
tion may become 1impossible. In this case, the system would
fail. This 1s a seventh problem with the conventional system.

In addition, in the conventional system, when the active
reference 1s controlled so that a clock reference of high
priority will be selected all the time on the basis of syn-
chronization messages, there arises the possibility that the
following phenomenon may occur. Assume, for example,
that clock references selectable as the active reference
include the group #1 work line, the group #1 protection line,
the holdover clock, and the internal clock, they are selected
by priority 1n the order 1n which they are listed, and the clock
reference of the highest quality 1s the group #1 protection
line. In this case, the group #1 protection line 1s selected as
the active reference conventionally. Next, when the group #1
work line becomes equal 1n quality to the group #1 protec-
tion line, the active reference 1s switched to the group #1
work line conventionally. Thus, 1f a clock reference that 1s
higher 1n priority than a clock reference which is currently
selected as the active reference becomes equal 1in quality to
the active reference, then the active reference will be
switched to the clock reference of higher priority at all times.
Thus, switching may occur frequently, increasing the burden
of processing on the CPU 1n the transmission unit 101. This
1s an eighth problem with the conventional technique.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to
implement a good-performance active reference switching
technique which, in selecting the active reference and timing
supply output, permits selectable clock references and their
selecting priorities to be decided flexibly.

The mmvention 1s directed to a unit, which 1s 1nstalled 1n
cach of transmission units that make up a network to
establish network synchronization, for selecting one clock
reference from a plurality of clock references received by the
corresponding transmission unit as the active reference for
controlling the operation of the corresponding transmission
unit itself or the active reference for timing supply to an
external unit connected to the corresponding transmission
unit, on the basis of the quality level of each of the clock
references presented by a synchronization message received
with the corresponding clock reference.

The 1nvention has a first configuration as described below.

A list storage unit stores a source priority list into which
the clock references having their own quality levels are
selectable as the active reference, and their selection
priorities, have been entered.

An active reference control unit 1s adapted to reference
the source priority list for selecting the active reference from
the clock references entered into the list. The active refer-
ence control unit performs operations of: selecting a clock
reference that 1s of the highest quality level of the clock
references entered into the source priority list as the active
reference; when two or more clock references of the same
quality level are entered into the source priority list, select-
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ing a clock reference that 1s of the highest priority of the
clock references of the same quality level as the active
reference; and, when a clock reference having a quality level
higher than that of a clock reference currently selected as the
active reference 1s received and 1t has been entered 1nto the

source priority list, selecting 1t as the active reference.

The first configuration of the invention allows a clock
reference of a high quality level to be selected as the active
reference all the time, by entering clock references of a high
quality level into the source priority list. Thus, the whole
network can be synchronized with a clock of high quality
level all the time.

Moreover, by deleting a clock reference that must not be
selected as the active reference from the source priority list,
the creation of a timing loop within the network can be
avolded.

Furthermore, by entering a plurality of clock references
into the source priority list, sufficient redundancy can be
included among the selectable clock references, which cir-
cumvents a phenomenon 1n which the active reference is
selected to be the holdover clock or the internal clock, and
consequently the whole network 1s synchronized to a clock
of low quality level.

The 1invention can further have a second configuration as
described below.

That 1s, the list storage unit stores a plurality of source
priority lists for a plurality of active references for timing,
supply to an external unit connected to the corresponding
transmission unit, and the active reference control unit
individually references each of the source priority lists
stored 1n the list storage umit for the plurality of active
references for timing supply, to thereby select each of the
active references for timing supply.

The second configuration of the invention allows a clock
reference of high quality level to be selected and then output
as the timing supply output all the time.

Moreover, the second configuration of the invention
allows the active reference for the timing supply to be set
flexibly. This allows sufficient redundancy to exist in clock
references for timing supply output, circumventing a situa-
tion in which an alarm indication signal (AIS) is immedi-
ately output as the timing supply output.

Furthermore, the second configuration of the invention
allows a clock of the highest quality level to be output for
both the primary and secondary references for the timing
output at all times.

The mvention can further have a third configuration as
described below.

That 1s, as an alternative to the operation of selecting the
active reference on the basis of the source priority list, the
active reference control unit selects as the active reference a
clock reference specified by a first switching command that
does not allow the active reference, once switched to a clock
reference, to be switched to another clock reference. In the
cvent that the active reference 1s switched by force to a

failing clock reference or a clock reference to which the
active reference has been switched fails, the active reference
control unit switches the active reference to either a hold-
over clock or an internal clock of the corresponding trans-
Mmission unit.

The third configuration of the invention can circumvent,
even at the time of execution of forced switching, a situation
in which no clock reference can be derived and the service
fails.

The mvention can further have a fourth configuration as
described below.
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That 1s, as an alternative to the operation of selecting the
active reference on the basis of the source priority list, the
active reference control unit selects as the active reference a
clock reference specified by a second switching command
that allows the active reference, once switched to a clock
reference, to be switched to another clock reference. In the
event that a clock reference to which the active reference has
been switched by the second switching command fails, the
active reference control means then reselects as the active
reference a clock reference which had been selected before
switching, and, in the event that the quality level of the
active reference after switching goes below the quality level
of other clock references, reselects as the active reference a
clock reference which, of the other clock references, 1s of the
highest quality level.

The fourth configuration of the mvention allows a clock
reference of the highest quality level to be derived at all
times, even at the time manual switching 1s specified, which
circumvents a situation in which the whole network is
synchronized to a clock reference of low quality level.

Additionally, the combined use of the source priority list
based active reference selection method, the forced switch-
ing command based method and the manual switching
command based method allows the intentional switching of
the active reference to be implemented flexibly and special
network employment conditions, such as maintenance, etc.,
to be met flexibly.

The invention can further have a fifth configuration as
described below.

That 1s, the active reference control unit alternatively
performs, as specified by a user, either 1n a first mode 1n
which, when a predetermined clock reference with a prede-
termined high quality level is received, a reference 1s made
to the source priority list to select the predetermined clock
reference as the active reference for timing supply, or 1n a
seccond mode, mm which a clock reference specified 1n
advance 1s selected as the active reference for timing supply.

The fifth configuration of the invention allows the timing,
supply output to be set more flexibly.

The 1nvention can further have a sixth configuration as
described below.

That 1s, the active reference control unit alternatively
performs, as specifled by a user, either in a third mode 1n
which, when the quality level of a clock reference entered
into the source priority list and having higher priority than
a clock reference that 1s currently used as the active refer-
ence becomes equal to that of the active reference currently
used, the clock reference of higher priority 1s selected as the
active reference, or 1n a fourth mode, 1n which the active
reference remains unchanged.

In the sixth configuration, the execution of the fourth
mode allows a situation 1n which the frequent switching of
the active reference increases the processing burden on the
CPU of the transmission unit to be circumvented.

The 1invention can further have a seventh configuration as
described below.

That 1s, the active reference control unit performs a
control operation of, at the time of execution of an insert
command by a user, mnserting a speciilied clock reference in
the position of predetermined priority 1n the source priority
list stored 1n the list storage unit and automatically decreas-
ing the priority of each of the other clock references of a
lower priority than the predetermined priority by one
position, and performs a control operation of, at the time of
execution of a delete command by the user, deleting a
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specified clock reference of a predetermined priority from
the source priority list and automatically increasing the
priority of each of the other clock references of lower
priority than the predetermined priority of the clock refer-
ence deleted by one position.

The seventh configuration allows the insertion and dele-
tion of clock references to and from the source priority list

to be made with few operations.

The 1nvention can further have an eighth configuration as
described below.

That 1s, the active reference control unit performs an
operation of, if, at the termination of setup of the source
priority list for the active reference used to operate the
corresponding transmission unit, a holdover clock produced
by the corresponding transmission unit has not been entered
into the list, entering the holdover clock 1nto the position of
the lowest priority in the source priority list, and, if, at the
termination of a setup of a source priority list for timing
supply for an external unit connected to the corresponding
fransmission unit, an internal clock of the corresponding
fransmission unit has not been entered 1nto the list, entering
the internal clock into the position of the lowest priority in
the source priority list.

By the eighth configuration, at worst a clock of the lowest
quality level can be used as the active reference used to
operate the transmission unit. This prevents the service
failure.

The invention can further have a ninth configuration as
described below.

That 1s, the active reference control unit selects an internal
clock of the corresponding transmission unit as the active
reference when any clock reference that 1s selectable as the
active reference 1s exhausted from the source priority list.

The ninth configuration of the invention allows an internal
clock of the lowest quality level to be selected as the active
reference for operating the transmission unit, in the event
that there 1s no external clock reference that can be selected,
avolding the service failure.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention will
be apparent to those skilled in the art from the following
description of the preferred embodiments of the invention in
conjunction with the accompanying drawings in which:

FIG. 1 shows an arrangement of a synchronous network;
FIG. 2 shows a DSI data format;

FIG. 3 shows a data format for DSI frame bits;

FIG. 4 shows a data format for the overhead in SONET;
FIG. 5 shows the contents of quality levels;

FIG. 6 is a schematic diagram (1) for use in explanation
the active reference;

FIG. 7 is a schematic diagram (2) for use in explanations
the active reference;

FIG. 8 1s a schematic diagram of for use 1n explanation of
clock references;

FIG. 9 1s a schematic diagram for use in explanation of a
prior art technique;

FIG. 10 1s the first diagram of a source priority list in
accordance with a preferred embodiment of the present
mvention;

FIG. 11 1s a flowchart of the source priority list referenc-
Ing operation;

FIG. 12 1s the second diagram of a source priority list in
accordance with a preferred embodiment of the present
mvention;
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FIG. 13 1s the third diagram of a source priority list 1n
accordance with a preferred embodiment of the present
mvention;

FIG. 14 1s a schematic diagram for use 1n explanation of
the operation of a preferred embodiment of the present
mvention;

FIG. 15 1s a diagram of the fourth source priority list 1n
accordance with a preferred embodiment of the present
mvention;

FIG. 16 1s a diagram of the fifth source priority list 1n
accordance with a preferred embodiment of the present
mvention;

FIG. 17 1s a schematic diagram for use 1 explanation of

the operation of a preferred embodiment of the present
mvention;

FIG. 18 1s a diagram of the sixth source priority list 1n
accordance with a preferred embodiment of the present
mvention;

FIG. 19 shows a first hardware implementation of a
preferred embodiment of the present invention; and

FIG. 20 shows a second hardware implementation of a
preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, the preferred embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

The basic system configuration and the structure of syn-
chronization messages used 1n the embodiments of the
present mvention remain unchanged from those shown in
FIGS. 1 through 5 and FIG. 8, and described 1n connection

with the Description of the Related Art. In the following
descriptions, these drawings will be referred to as needed.

In the embodiments of the present invention, the trans-
mission unit 101 (see FIG. 1) is equipped with a source
priority list which allows clock references selectable as the
active reference to be entered/deleted optionally, and their
selecting priorities, indicating which clock reference to
select, to be set optionally even 1n the case where a plurality
of clock references of the same quality level are listed.

The source priority list can be defined separately for each
of an operating clock of the transmission unit itself and
primary and secondary clocks in the timing supply output
for another unit connected to that transmission unit.

The transmission unit 101 switches the active reference
based on the contents of the source priority list. That 1s, at
first, only clock references that have been entered into the
source priority list are used as clock references selectable as
the active reference. Of the clock references entered, the
clock reference of the highest quality level 1s selected as the
active reference. If there are a plurality of clock references
of the same quality level, then a clock reference that is
assigned higher priority i the source priority list 1s selected.
If a clock reference which 1s higher in quality level than the
clock reference currently selected as the active reference
appears, and 1t has been entered 1nto the source priority list,
it will be selected as the active reference.

FIG. 11 1s a flowchart for a control operation carried out
by the transmission unit 101 to switch the active reference
based on the contents of the source priority list.

When there arises a reason for switching the active
reference from one clock reference to another because of
variations 1n quality level, a clock reference 1s first selected
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from among the clock references that are being received by
the transmission unit 101 as an object clock reference, and
a determination 1s then made as to whether or not it has been

entered 1nto the source priority list and, at the same time,
whether or not it is valid (step 1101 in FIG. 11).

If the object clock reference has not been entered 1n the
source priority list or it is not valid, (No 1n step 1101), then
the next object clock reference 1s extracted and the same
check as above 1s performed on it (steps 1106, 1107 and
1101). This operation is repeated until it is decided in step
1106 that all of the clock references have been checked.

If the determination 1n step 1101 1s that the object clock
reference has been entered 1nto the source priority list and it
is valid, (Yes in step 1101), then a determination is made in
step 1102 as to whether or not the quality level of that object
clock reference, determined by a synchronization message,
1s the highest 1n the clock references entered 1nto the source
priority list.

If the quality level of that object clock reference 1s not the
highest 1n the clock references entered into the source
priority list, (No in step 1102), then the next object clock
reference 1s extracted and then the same control operations
as 1n steps 1106, 1107 and 1101 are performed on 1t. This
control 1s repeated until 1t 1s decided 1n step 1106 that the
check has been performed on all the clock references.

If, on the other hand, the quality level of the object clock
reference 1s the highest 1n the clock references entered into
the source priority list, (Yes in step 1102), then a determi-
nation 1s made as to whether or not a clock reference of the
same quality level as that object clock reference 1s present in
the other clock references entered into the source priority list

(step 1103).

If the determination 1s that a clock reference of the same
quality level as that object clock reference 1s not present in
the other clock references entered into the source priority
list, (No in step 1103), then that object clock reference is
selected as the active reference (step 1104). Then, the
switching of the active reference 1s terminated.

If a clock reference having the same quality level as the
object clock reference 1s present 1n the other clock references
entered into the source priority list, (Yes in step 1103), then
a determination 1s made as to whether or not the priority of
the object clock reference on the source priority list 1s higher
than that of a clock reference having the same quality level
as the object clock reference (step 1105 in FIG. 11).

If the priority of the object clock reference on the source
priority list 1s higher than that of a clock reference having the
same quality level as the object clock reference, (Yes in step
1105), then that object is selected as the active reference
(step 1104). Then, the switching of the active reference is
terminated.

If, on the other hand, the priority of the object clock
reference on the source priority list 1s not higher than that of
a clock reference having the same quality level as the object
clock reference, (No in step 11085), then the next object clock
1s extracted and the procedure returns to step 1101 through
steps 1106 and 1107. These control operations are repeated
until 1t 1s decided 1n step 1106 that all the clock references
have been checked.

When 1t 1s decided 1n step 1106 that all the clock refer-
ences have been checked 1n the above sequence of control

operations, no active reference switching is performed (step

1108).

Note that the contents of the source priority list can be set
up with the use of a command.

10

15

20

25

30

35

40

45

50

55

60

65

10

FIG. 10 shows an example of a source priority list 1n the
transmission unit 101 shown 1n FIG. 1. In FIG. 10, clock
references selectable as the active reference include the
BITS input primary reference, the BITS mput secondary
reference, the group #1 work line, the group #1 protection
line, the group #2 work line, the group #2 protection line,
and the holdover clock, and their selecting priorities are 1n
the order 1n which they are listed.

If, 1n selecting the active reference, the clock reference
which, of all the clock references entered into the source
priority list shown in FIG. 10, 1s the highest 1n quality level
1s the group #1 work line, 1t will be selected as the active
reference. If three clock references, 1.e., the BITS 1nput
primary reference, the BITS input secondary reference, and
the group #2 work line, have the highest quality level, then
the BITS 1nput primary reference will be selected as the
active reference 1n accordance with the priority of the clock
references in the source priority list. In the event that the
clock reference currently used as the active reference fails,
a clock reference which, of the remaining clock references

entered 1nto the list, has the highest quality level will be
selected.

Thus, by entering clock references of high quality level
into the source priority list, the active reference of high
quality level can be selected at any time, and accordingly the
whole network can be synchronized with a clock of high
quality level at any time. This solves the first problem with
the conventional technique.

Moreover, the creation of a timing loop within the net-
work can be circumvented by deleting clock references that
must not be selected as the active reference from the source
priority list. This solves the second problem with the con-
ventional technique.

Furthermore, sufficient redundancy can be included 1n
selectable clock references by entering a plurality of clock
references 1nto the source priority list. This will circumvent
the phenomenon 1n which the active reference 1s selected to
be the holdover clock or the internal clock, and consequently
the whole network becomes synchronized with a clock of
low quality level. This solves the third problem with the
conventional technique.

Next, with an embodiment of the present 1invention, by
creating a separate priority list for each of the primary
reference clock and the secondary reference clock in the
timing supply output, it 1s possible to decide from which
clock reference each reference output 1s to be derived.

For example, by creating source priority lists for the
primary and secondary references in the timing supply
output as shown 1in FIGS. 12 and 13, respectively, it becomes
possible to set such timing supply output as shown 1n FIG.
14. Also, by creating source priority lists for the primary and
secondary references in the timing supply output as shown
in FIGS. 15 and 16, respectively, it becomes possible to set
such timing supply output as shown 1 FIG. 17. In these
figures, “Derived DS1 primary reference” and “Derived
DS1 secondary reference” indicate that the timing supply
output is one to the DSI metal transmission line 104 (see
FIG. 1) to which other transmission units 101 are connected.

Such a configuration permits a clock reference of high
quality level to be selected as the active reference and to be
output as the timing supply output at any time. This solves
the fourth problem with the conventional technique.

In addition, the above-described configuration permits the
timing supply output to be set flexibly. For this reason,
sufficient redundancy can be 1ncluded in clock references for
the timing supply output and the situation 1n which an AIS




6,014,414

11

(Alarm Indication Signal) is sent immediately as the timing
supply output can be circumvented. This solves the fifth
problem with the conventional technique.

Moreover, the above-described configuration permits the
same clock of the highest quality level to be delivered at any
fime for both the primary and secondary references of the
fiming supply output as shown 1n FIG. 17. This solves the
sixth problem with the conventional technique.

Next, an embodiment of the present invention can be
configured, combined with the above-described active ref-
erence selecting method based on the source priority list, to
make a forced switching command available, which does
not allow the active reference, once switched to a clock
reference, to be switched to another clock reference.

In this configuration, 1n the event that the active reference
1s switched forcibly to a failing clock reference, or a clock
reference to which the active reference has been switched
fails, the active reference 1s switched forcibly to the hold-
over clock or the mternal clock of the transmission unit 101
by specifying the forced switching command.

Thereby, even when the forced switching command 1s
specifled, the situation can be circumvented 1n which a clock
reference cannot be derived and the service fails. This solves
the seventh problem with the conventional technique.

Further, an embodiment of the present invention can be
configured, combined with the active reference selecting
method using the source priority list and the method using
the forced switching command to switch the active
reference, to make a manual switching command available.

In this configuration, when the manual switching com-
mand 1s specified, control 1s carried out such that the active
reference 1s switched only to a clock reference that 1s placed
In a state other than the failed state. Moreover, after the
manual switching command has been specified, if a clock
reference to which the active reference has been switched
should fail, then control is performed such that the active
reference 1s switched back to a clock reference which had
been selected before switching. Furthermore, after the
manual switching command has been specified, if a clock
reference to which the active reference has been switched
should go lower in quality level than another clock
reference, then control 1s performed such that the active
reference 1s switched back to a clock reference which 1s of
the highest quality level among the remaining clock refer-
€Nces.

Such a configuration allows a clock reference of the
highest quality level to be derived at any time, even when the
manual switching command 1s specified. It therefore
becomes possible to circumvent the situation 1n which the
whole network becomes synchronized with a clock refer-
ence of low quality level. Additionally, the combined use of
the source priority list based active reference selection
method, the forced switching command based method and
the manual switching command based method, allows the
intentional switching of the active reference to be imple-
mented flexibly and special network employment
conditions, such as maintenance, etc., to be met flexibly.

Next, an embodiment of the present invention can be
coniigured 1n such a way as, when a BITS 1put 1s selected
as the active reference, to allow the user to optionally switch
between a mode 1n which the BITS 1nput 1s selected as the
primary reference and the secondary reference 1n the timing,
supply output based on the source priority list, and a mode
in which the primary reference and the secondary reference
are fixed to a clock reference specified by a command
instead of the BITS input being selected.
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Such a configuration allows the timing supply output to be
set more flexibly.

Next, as described above, 1f a clock reference appears
which has a quality level higher than that of the clock
reference currently selected as the active reference, and that
has been entered into the source priority list, 1t 1s selected as
the active reference. In addition to such control, the embodi-
ment of the present invention can set up a mode 1n which,
even when the quality level of a clock reference of higher
priority than the clock reference currently selected as the
active reference becomes equal to that of the active
reference, the active reference remains unchanged. Because
of such a mode, 1t becomes possible to circumvent a
situation 1n which frequent switching of the active reference
results 1n an 1ncrease 1n the processing burden on the CPU
of the transmission unit 101. Thus, the eighth problem with
the conventional technique can be solved.

Next, in an embodiment of the present invention, when it
1s desired to change the source priority list as shown 1n FIG.
18 by adding the BITS imnput primary clock reference to the
top-priority position of the list shown 1 FIG. 12, an insert
command can be set up which performs a control operation
of automatically inserting a clock reference in the source
priority list, and automatically decreasing the priority of any
other clock reference by one position 1n the list. In addition,
a delete command can be set up which performs a control
operation of deleting only a certain clock reference from the
source priority list, and automatically increasing the priority
of the other clock references of lower priority than that clock
reference by one position in the list.

Such a group of commands allows the insertion and
deletion of clock references to and from the source priority
list to be made with few operations.

As described above, 1n the embodiment of the present
invention, only the clock references entered 1nto the source
priority list are used as clock references selectable as the
active reference. Thus, failure to enter the holdover clock or
the mternal clock 1nto the source priority list may result in
the service failure. That 1s, when the quality level of the
active reference goes down and any clock reference select-
able as the active reference i1s exhausted from the source
priority list, 1t becomes impossible to derive any clock.
Thus, the whole network or some of the transmission units

101 faal.

The embodiment of the present invention can therefore be
coniigured such that, at the termination of the setup of the
source priority list for the active reference used to operate
the transmission units 101, if the holdover clock has not
been entered into the list, 1t 1s automatically entered into the
lowest-priority position in the list.

Further, at the termination of setup of the source priority
list for the timing supply output, if the internal clock has not
been entered 1nto the list, 1t can automatically be entered into
the lowest-priority position in the list.

Using such configurations, at worst the holdover clock
can be used as the active reference used to operate the
transmission units 101, and at worst the internal clock can be
used as the timing supply output. It thus becomes possible
to avoid the service failure.

Further, 1n the above configuration, failure to enter the
internal clock into the source priority list may result 1n the
service failure. That 1s, when the quality level of the active
reference goes so low that the holdover clock cannot be
selected and hence no external clock reference can be
selected, any clock reference selectable as the active refer-
ence 1s exhausted from the source priority list. It thus
become 1mpossible to dertve any clock.



6,014,414

13

The embodiment of the present invention can therefore be
coniigured such that, when any clock reference selectable as
the active reference 1s exhausted from the source priority
list, the internal clock 1s automatically selected. Thereby, it
becomes possible to avoid the worst situation that the
service fails, even 1n the event that there 1s no external clock
reference that can be selected.

FIG. 19 shows a hardware configuration of the transmis-
sion unit 101 (FIG. 1) for implementing the above-described
embodiments adapted to select the active reference on which
the unit itself operates.

A BITS mput primary reference and a BITS 1nput sec-
ondary reference are supplied from an external BITS 102
(FIG. 1) through two DSI metal lines 104 to two B/U units
(bipolar/unipolar conversion units) 1901 where each of them

1s separated into a clock reference CLK and a data link
DATA.

The clock reference CLK 1s entered into an NE active
reference selector 1902 which selects a clock reference to
which the transmission unit 101 1s to be synchronized.

On the other hand, the data link DATA 1s applied to a DS1
ESF data link detector 1903 where the DS1 ESF data link
(corresponding to DL in FIG. 3) is detected and the quality

level indicated by a synchronization message contained 1n it
1s mput to a CPU 1904.

A SONET signal received over each of group #1 work
line, group #1 protection line, . . . , group #n work line and
group #n protection line, 1s separated n a DMUX unit

(demultiplexer) 1907 into a clock reference CLK and an
overhead OH (refer to FIG. 4).

The clock reference CLK 1s entered mto the NE active
reference selector 1902. The overhead OH 1s entered 1nto an
OH Detector 1908, so that 1ts S1 detector section 1909
detects an S1 byte (refer to FIGS. 4 and §). The quality level
indicated by a synchronization message contained in the S1

byte 1s 1mputted to the CPU 1904,

A failure detector section 1911 1n the NE active reference
selector 1902 monitors each of the clock references CLK
from the B/U units 1901 and the DMUXs 1907 (2xn in
number) for clock failure (input interruption) and, upon
detecting a failure, informs the CPU 1904 of the occurrence
of a failure.

When detecting an undefined bit string in a detected S1
byte (refer to FIG. §), the S1 detector 1909 in each of a
number n of OH detectors 1908, recognizes this as a failure
and notiiies the CPU of the occurrence of a failure.

A maintenance terminal 1905 presents a source priority
list 1906 to the CPU 1904, which 1n turn stores the list 1n 1ts

internal storage.

In accordance with the flowchart described 1n FIG. 11, the
CPU 1904 determines the NE active reference from the
quality levels or failure nofification presented by the two
DS1 ESF data link detectors 1903, the two S1 detectors
1909, and the source priority list 1906. Using a CLK select
instruction, the CPU 1904 presents the NE active reference
thus determined to the NE active reference selector 1902. It
the CPU 1904 fails to determine the clock reference CLK,
it mputs to the NE active reference selector 1902 a CLK
select instruction for allowing the internal clock generated
by an internal clock generator 1910 to be selected.

At the same time, the CPU 1904 indicates to an S1
insertion section 1914 in an overhead generator (OH
generator) 1913, a synchronization message to be written
into the S1 byte in the overhead OH in a SONET signal to
be output. In this synchronization message the quality level
of the active reference 1s specified.
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The NE active reference selector 1902 responds to the
CLK selection instruction from the CPU 1904 to select a
clock reference to be used as the NE active reference from
clock references CLK mput from the two B/U units 1901

and the 2xn DMUX units 1907, and sends the selected clock
reference CLK to a digital phase locked loop (DPLL) 1912
(called a holdover HO).

The DPLL 1912 stores the NE active reference CLK
inputted by the NE active reference selector 1902 while

maintaining exact synchronization, and transfers it to a
number 2xn of multiplexers (MUXs) 19185.

On the other hand, the S1 1nsertion section 1914 1n each
of the n OH generators 1913 writes the synchronization
message mputted by the CPU 1904 into the S1 byte 1n the
overhead OH. The first OH generator 1913 sends the over-
head OH to the two MUXs 19135 for the group #1, and the
second OH generator 1913 sends the overhead OH to the
two MUXs 1915 for the group #2.

Each of the MUXs 1915 combines the NE active refer-
ence CLK sent from the DPLL 1912 and the overhead OH
sent from the corresponding OH generator 1913 into a
SONET signal, which 1n turn 1s sent over the corresponding

SONET optical transmission line 103.

Next, FIG. 20 shows a hardware implementation of the
above-described embodiments for selecting Derived DS1

primary/secondary references for the timing supply output in
the transmission unit 101 (FIG. 1).

In FIG. 20, like reference numerals are used to denote
corresponding components to those 1n FIG. 19. That 1s, the
coniiguration of FIG. 20 functions identically to that of FIG.
19, prior to the selection of the Derived DS1 primary/
secondary active references. In this case, a Dertved DS1
primary/secondary active reference selector 2001 has sub-
stantially the same function as the NE active reference

selector 1902 of FIG. 19.

The configuration of FIG. 20 d1
in the following respects.

First, the CPU 1904 indicates to each of two DS1 ESF

data link 1nsertion units 2002 a synchronization message to
be written 1nto a data link output signal.

Each of the two DS1 ESF data link insertion units 2002
writes the synchronization message mput by the CPU 1904
into a DS1 ESF data link (data link DATA) and then sends
the data link DATA to a corresponding one of two U/B units
(unipolar to bipolar conversion units) 2003.

Next, the Derived DS1 primary/secondary active refer-
ence selector 2001 responds to a CLK selection instruction
from the CPU 1904 to select a clock reference CLK to be
used as the Derived DS1 primary/secondary active reference
from clock references CLK sent from the two B/U units
1901 and the 2xn DMUXSs 1907, and then sends 1t directly
to the two U/B units 2003. In this case, the Derived DS1
primary/secondary active reference may be a single refer-
ence common to the two U/B units, or two separate
references, one for each unait.

Each of the U/B units 2003 combines the Derived DS1
primary/secondary active reference CLK sent from the DS1
primary/secondary active reference selector 2001 and the
data link DATA sent from the corresponding DS1 ESF data
link insertion unit 2002 into a DS1 signal, and then sends 1t
over the corresponding DS1 metal transmission line 104.

The two U/B units 2003 provide the Derived DS1 primary
output and the Derived DS1 secondary output, respectively.

What 1s claimed 1s:

1. An active reference selecting unit, which is installed in
cach of transmission units that make up a network to

fers from that of FIG. 19
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establish network synchronization, for selecting one clock
reference from a plurality of clock references received by the
corresponding transmission unit as an active reference for
controlling the operation of the corresponding transmission
unit itself or an active reference for timing supply to an
external unit connected to the corresponding transmission
unit on the basis of the quality level of each of said clock
references presented by a synchronization message received
with the corresponding clock reference, comprising;:

list storage means for storing a source priority list mto
which clock references, which are selectable as said
active reference among the presented clock references
and have said quality levels, and their selection priori-
ties to select each of said clock references have been
entered; and

active reference control means adapted to reference said
source priority list for selecting said active reference
from said clock references entered into said list and
thus selecting the clock reference having the highest
quality level 1in said source list as said active reference.

2. The unit as claimed 1n claim 1, wherein said active
reference control means alternatively performs, as specified
by a user, either a first mode 1n which, when a predetermined
clock reference with a predetermined high quality level 1s
received, a reference 1s made to said source priority list to
select said predetermined clock reference as said active
reference for timing supply or a second mode 1n which a
clock reference specilied 1mn advance i1s selected as said
active reference for timing supply.

3. The unit as claimed 1in claim 1, wherein said active
reference control means selects an internal clock that the
corresponding transmission unit has as said active reference
when any clock reference that 1s selectable as said active
reference 1s exhausted from said source priority list.

4. An active reference selecting unit, which 1s mstalled in
cach of ftransmission units that make up a network to
establish network synchronization, for selecting one clock
reference from a plurality of clock references received by the
corresponding transmission unit as an active reference for
controlling the operation of the corresponding transmission
unit itself or an active reference for timing supply to an
external unit connected to the corresponding transmission
unit on the basis of the quality level of each of said clock
references presented by a synchronization message received
with the corresponding clock reference, comprising;:

list storage means for storing a source priority list mnto
which said clock references, which are selectable as
said active reference and have said quality levels, and
their selection priorities have been entered; and

active reference control means adapted to reference said
source priority list for selecting said active reference
from said clock references entered into said list,
wherein said active reference control means performs
operations of:

selecting a clock reference that 1s of the highest quality
level of said clock references entered 1nto said source
priority list as said active reference;

when two or more clock references of the same quality
level are entered 1nto said source priority list, selecting
a clock reference that 1s of the highest priority of said
clock references of the same quality level as said active
reference; and

when a clock reference having a quality level higher than
that of a clock reference currently selected as said
active reference 1s received and it has been entered into
said source priority list, selecting it as said active
reference.
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5. An active reference selecting unit, which 1s installed 1n
cach of transmission units that make up a network to
establish network synchronization, for selecting one clock
reference from a plurality of clock references received by the
corresponding transmission unit as an active reference for
controlling the operation of the corresponding transmission
unit itself or an active reference for timing supply to an
external unit connected to the corresponding transmission
unit on the basis of the quality level of each of said clock
references presented by a synchronization message received

with the corresponding clock reference, comprising;:

list storage means for storing a source priority list 1nto
which said clock references, which are selectable as
said active reference and have said quality levels, and
their selection priorities have been entered; and

active reference control means adapted to reference said
source priority list for selecting said active reference
from said clock references entered into said list,
wherein said list storage means stores a plurality of
source priority lists for a plurality of active references
for iming supply to an external unit connected to the
corresponding transmission unit, and said active refer-
ence control means individually references each of said
source priority lists stored 1 said list storage means for
said plurality of active references for timing supply to
thereby select each of said active references for timing
supply.

6. An active reference selecting unit, which is installed in
cach of transmission units that make up a network to
establish network synchronization, for selecting one clock
reference from a plurality of clock references received by the
corresponding transmission unit as an active reference for
controlling the operation of the corresponding transmission
unit 1tself or an active reference for timing supply to an
external unit connected to the corresponding transmission
unit on the basis of the quality level of each of said clock
references presented by a synchronization message received
with the corresponding clock reference, comprising:

list storage means for storing a source priority list into
which said clock references, which are selectable as
said active reference and have said quality levels, and
their selection priorities have been entered; and

active reference control means adapted to reference said
source priority list for selecting said active reference
from said clock references entered into said list,
wherein, as an alternative to the operation of selecting
said active reference on the basis of said source priority
list, said active reference control means selects as said
active reference a clock reference specified by a first
switched command that does not allow said active
reference, once switched to a clock reference, to be
switched to another clock reference and then, in the
event that said active reference 1s switched by force to
a failing clock reference or a clock reference to which
said active reference has been switched fails, switches
said active reference to either a holdover clock or an
internal clock that the corresponding transmission unit
has.

7. An active reference selecting unit, which 1s installed 1n
cach of transmission units that make up a network to
establish network synchronization, for selecting one clock
reference from a plurality of clock references received by the
corresponding transmission unit as an active reference for
controlling the operation of the corresponding transmission
unit itself or an active reference for timing supply to an
external unit connected to the corresponding transmission
unit on the basis of the quality level of each of said clock
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references presented by a synchronization message received
with the corresponding clock reference, comprising;:

list storage means for storing a source priority list 1nto
which said clock references, which are selectable as
said active reference and have said quality levels, and
their selection priorities have been entered; and

active reference control means adapted to reference said

source priority list for selecting said active reference
from said clock references entered into said list,

wherein, as an alternative to the operation of selecting
said active reference on the basis of said source priority

list, said active reference control means selects as said
active reference a clock reference specified by a switch-
ing command that allows said active reference, once
switched to a clock reference, to be switched to another
clock reference and then, 1n the event that a clock
reference to which said active reference has been
switched by said switching command that allows said
active reference to be switched to another clock refer-
ence fails, reselects as said active reference a clock
reference which had been selected before switching,
and, 1n the event that the quality level of said active
reference after switching goes below the quality level
of other clock references reselects as said active refer-
ence a clock reference which, of said other clock
references, 1s of the highest quality level.

8. An active reference selecting unit, which 1s mstalled in
cach of transmission units that make up a network to
establish network synchronization, for selecting one clock
reference from a plurality of clock references received by the
corresponding transmission unit as an active reference for
controlling the operation of the corresponding transmission
unit itself or an active reference for timing supply to an
external unit connected to the corresponding transmission
unit on the basis of the quality level of each of said clock
references presented by a synchronization message received
with the corresponding clock reference, comprising;:

list storage means for storing a source priority list mnto
which said clock references, which are selectable as
said active reference and have said quality levels, and
their selection priorities have been entered; and

active reference control means adapted to reference said
source priority list for selecting said active reference
from said clock references entered mto said list,
wherein said active reference control means alterna-
tively performs, as specified by a user, either a third
mode 1n which, when the quality level of a clock
reference entered into said source priority list and
having higher priority than a clock reference that is
currently used as said active reference becomes equal
to that of said active reference currently used, said
clock reference of higher priority 1s selected as said
active reference or a fourth mode 1n which said active
reference remains unchanged.

9. An active reference selecting unit, which 1s mstalled 1n
cach of transmission units that make up a network to
establish network synchronization, for selecting one clock
reference from a plurality of clock references received by the
corresponding transmission unit as an active reference for
controlling the operation of the corresponding transmission
unit itself or an active reference for timing supply to an
external unit connected to the corresponding transmission
unit on the basis of the quality level of each of said clock
references presented by a synchronization message received
with the corresponding clock reference, comprising;:

list storage means for storing a source priority list 1nto
which said clock references, which are selectable as
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said active reference and have said quality levels, and
their selection priorities have been entered; and

active reference control means adapted to reference said
source priority list for selecting said active reference
from said clock references entered into said list,
wherein said active reference control means performs a
control operation of, at the time of execution of an
insert command by a user, 1nserting a specified clock
reference 1n the position of predetermined priority in
said source priority list stored 1n said list storage means
and automatically decreasing the priority of each of
other clock references of lower priority than said pre-
determined priority by one position and performs a
control operation of, at the time of execution of a delete
command by the user, deleting a specified clock refer-
ence of predetermined priority from said source priority
list and automatically increasing the priority of each of
other clock references of lower priority than said pre-
determined priority of said clock reference deleted by
one position.
10. An active reference selecting unit, which 1s installed
in each of transmission units that make up a network to
establish network synchronization, for selecting one clock
reference from a plurality of clock references received by the
corresponding transmission unit as an active reference for
controlling the operation of the corresponding transmission
unit itself or an active reference for timing supply to an
external unit connected to the corresponding transmission
unit on the basis of the quality level of each of said clock
references presented by a synchronization message received
with the corresponding clock reference, comprising:
list storage means for storing a source priority list into
which said clock references, which are selectable as
said active reference and have said quality levels, and
their selection priorities have been entered; and

active reference control means adapted to reference said
source priority list for selecting said active reference
from said clock references entered into said list,
wherein said active reference control means performs
an operation of, if, at the termination of setup of said
source priority list for said active reference used to
operate the corresponding transmission unit, a holdover
clock produced by the corresponding transmission unit
has not been entered into said list, entering said hold-
over clock into the position of the lowest priority in said
source priority list, and, if, at the termination of setup
of a source priority list for timing supply for an external
unit connected to the corresponding transmission unit,
an 1nternal clock that the corresponding transmission
unit has not been entered into said list, entering said
internal clock 1nto the position of the lowest priority in
said source priority list.

11. An active reference selecting method for use 1n each
of transmission units that make up a network to establish
network synchronization, for selecting one clock reference
from a plurality of clock references received by the corre-
sponding transmission unit as an active reference from
controlling the operation of the corresponding transmission
unit itself or an active reference for timing supply to an
external unit connected to the corresponding transmission
unit on the basis of the quality level of each of said clock
references presented by a synchronization message received
with the corresponding clock reference, comprising the steps

of:

using a source priority list into which said clock
references, which are selectable as said active reference
and have said quality levels and their selection priori-
ties to select each of said clock references have been
entered;
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selecting the clock reference having the highest quality when a clock reference having a quality level higher than
level 1n said source priority list as said active reference; that of a clock reference currently selected as said

when two or more clock references of the same quali‘[y active reference 1s received and 1t has been entered 1nto
level are entered into said source priority list, selecting said source priority list, selecting 1t as said active
a clock reference that is of the highest priority of said > reference.

clock references of the same quality level as said active
reference; and £ % % k%
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